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https://www.nnvl.noaa.gov/view/globaldata.html

Motivation
• Changes in weather over the PNW due to
global warming are uncertain

• Impactful weather (like the 2021 heat
wave) is often connected large-scale
circulation

• Confidence in future projections of models
requires testing on historical data
https://www.wweek.com/news/2019/06/10/the-first-heat-wave-of-2019-is-here-and-the-portland-area-could-see-record-breaking-temps-this-week/
https://www.noaa.gov/stories/what-are-atmospheric-rivers – landfalling atmospheric river in northern california
https://www.nnvl.noaa.gov/view/globaldata.html

Background
• Global climate models have
difficulty with complex topography
• Large-scale circulation is
generally well modelled
• Large-scale circulation can be
used to resolve the scale
mismatch
https://www.climate.gov/file/atmosphericmodelschematicpng
https://earthobservatory.nasa.gov/images/86041/panorama-of-the-pacific-northwest

Atmospheric Circulation Patterns
Winter (DJF) Circulation Patterns

• Large-scale patterns - 1000s of
kilometers across
• Indicates horizontal and vertical
movement of air
• Can be viewed as a proxy for storms,
clear skies, heatwaves, cold snaps,
etc.
Air at ~5500m follows the contours
Colors show pattern strength

Research Questions
• Can climate models accurately simulate the large-scale
circulation patterns over the Pacific Northwest?

• Can climate models accurately simulate temperature anomalies
associated with large-scale circulation?

• Can climate models accurately simulate precipitation anomalies
associated with large-scale circulation?

Methods
• Observed data is clustered
into representative
circulation patterns

Clustering
Algorithm

Observed
Circulation

Reference Circulation Climatology

• Climate models are mapped
to reference patterns
Climate Model Data

Model Circulation Climatology

• Differences are analyzed
between models and
observed data
Model Bias

• Observed patterns
are compared to
models
• A strong visual match
indicates accuracy

Observed Patterns

Winter

• Biases are quantified
using root-meansquare-error
• Models effectively
simulate average
winter and summer
climatology
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Model Patterns

• Models effectively
simulate winter
circulation

Results show the range of winter circulation
patterns over the Pacific Northwest
Observed Patterns

• Quantitative biases
(not shown) are
generally small
Rain
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Model Patterns

Results show the range of winter temperature anomaly
patterns over the Pacific Northwest
• Models effectively
simulate winter
temperature

Observed Patterns

Model Patterns

• Quantitative biases
(not shown) are
generally small

Temperature departure from average in each pattern

Results show the range of winter precipitation anomaly
patterns over the Pacific Northwest
• Models effectively
simulate winter
precipitation

Observed Patterns

Model Patterns

• Quantitative biases
(not shown) are
generally small
% of average precipitation received in each pattern

• Models effectively
simulate summer
circulation

Results show the range of summer circulation
patterns over the Pacific Northwest
Observed Patterns

• Quantitative biases
(not shown) are
generally small, but
larger than winter

Summer Rain
Heatwaves

Model Patterns

Results show the range of summer temperature anomaly
patterns over the Pacific Northwest
• Models effectively
simulate summer
temperature

Observed Patterns

Model Patterns

• Quantitative biases
(not shown) are
generally small

Temperature departure from average in each pattern

Results show the range of summer precipitation anomaly
patterns over the Pacific Northwest
• Models effectively
simulate summer
precipitation

Observed Patterns

Model Patterns

• Quantitative biases
(not shown) are
generally small

% of average precipitation received in each pattern

Conclusions
•

Climate models can accurately simulate circulation
patterns, temperature, and precipitation over the Pacific
Northwest

•

Results increase confidence in future projections of
models
•

Future work will analyze projected changes in the
circulation patterns that drive weather over the Pacific
Northwest
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